Introduction
COPD is a progressive disease marked by episodic exacerbations, reduced exercise tolerance, debilitating dyspnea, and poor quality of life.
1,2 Existing patient-reported outcomes (PROs) capture these well-known aspects of the disease, 3 but patients with COPD also report social isolation as a major contributor to poor quality of life, and no instrument has been validated to capture this important patient experience in COPD, nor is it routinely considered a therapeutic target. 4, 5 Restricted Life-Space mobility, defined as a score of #60 units on the University of Alabama at Birmingham (UAB) Life Space Assessment (LSA), is a marker of social isolation in community-dwelling older adults, with nearly 80% of UAB Study of Aging participants who had restricted Life-Space mobility also reporting being minimally or not socially active. 6 Restricted Life-Space mobility predicts mortality, nursing home admission, and reduced quality of life in this population. [7] [8] [9] In an analysis by Garcia et al, 10 LifeSpace mobility was found to be reduced in adults with COPD compared to those without. However, associations between restricted Life-Space mobility and severe exacerbations of
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Iyer et al COPD have not been prospectively examined, and relationships with other clinically relevant outcomes have not been explored. We hypothesized that restricted Life-Space mobility would predict severe exacerbations of COPD and would be associated with reduced exercise tolerance, more severe dyspnea, worse quality of life, and greater psychological symptoms.
Methods
study design and population
We conducted a prospective cohort study of adults $40 years of age with COPD recruited from a convenience sample of patients who attended a weekly, half-day subspecialty pulmonary clinic at UAB in Birmingham, Alabama, USA, between February 2016 and February 2017. We included subjects with a clinical diagnosis of COPD on routine spirometry (FEV 1 /FVC ,0.70 and FEV 1 ,80% predicted) collected within the 2 years preceding enrollment. We excluded subjects with mild COPD (FEV 1 $80%), those who reported an acute exacerbation of COPD requiring steroids or antibiotics in the 30 days prior to enrollment, subjects with other primary lung diseases (eg, asthma, sarcoidosis, interstitial lung disease) or lung cancer, and subjects unable to perform the six-minute walk test owing to musculoskeletal or neurological constraints impeding ambulation. All subjects provided written informed consent to participate, and the Institutional Review Board for the University of Alabama at Birmingham approved the study (IRB-160107005).
Measures and data collection
We grouped subjects by Global Initiative for Chronic Obstructive Lung Disease (GOLD) spirometric grades as follows: GOLD II (50%# FEV 1 ,80% predicted), GOLD III (30%# FEV 1 ,50% predicted), and GOLD IV (FEV 1 ,30%). We generated a comorbidity count from the following physician-diagnosed comorbidities in the electronic record: coronary artery disease, diabetes mellitus, congestive heart failure, stroke, osteoarthritis, osteoporosis, hypertension, hyperlipidemia, gastroesophageal reflux disease, stomach ulcers, obesity (body mass index $30 kg/m 2 ), obstructive sleep apnea, hay fever, and peripheral vascular disease.
11
Our primary outcome was severe exacerbations of COPD leading to care in the emergency room or requiring hospital admission, assessed by review of the electronic medical record up to 1 year after enrollment. In addition to administering the LSA at baseline, we measured: 1) six-minute walk test (6MWT); 2) University of California at San Diego Shortness of Breath Questionnaire (SOBQ) for dyspnea; 12 3) COPD Assessment Test (CAT) for quality of life; 13 and 4) Hospital Anxiety and Depression Scale (HADS) for anxiety and depressive symptoms. 14, 15 
UaB lsa
The LSA is validated for administration in person and by telephone, and scores range from 0 to 120 (Figure 1) . In previous analyses, community-dwelling older adults reported being "restricted" with an LSA score #60.
16
Purposeful movement through five Life-Space levels, from the room where one sleeps to beyond the town, provides multiple opportunities for social interaction. 6 For instance, a person with an LSA score of 120 is fully unrestricted and leaves town daily without assistance from another person or assistive device. Someone with an LSA score #60 could have a score of zero, indicating never getting out of the bedroom. Alternatively, they could have an LSA score of 60, indicating never getting out of town but driving to town to go shopping twice a week. Moreover, the LSA can detect changes in Life-Space mobility associated with clinically important events such as falls, hospital admissions, and hip fractures, with declines in LSA scores of 3, 10, and nearly 24 points, respectively, expected for these specific events. 7, 17, 18 The UAB LSA has no copyright. No permission is required to reproduce the form, and the authors encourage its use in research and clinical settings.
statistical analysis
We analyzed descriptive data and reported mean ± SD for continuous variables and proportions (%) for categorical variables. We separated the cohort into groups based on restricted (#60) versus unrestricted (.60) Life-Space mobility and compared between-group differences in demographic and clinical characteristics using the chi-squared test, independent t-test, or Mann-Whitney U-test where appropriate. We examined associations between restricted versus unrestricted Life-Space mobility and the primary outcome of severe exacerbations of COPD using negative binomial regression, adjusting for age, gender, %-predicted FEV 1 , comorbidity count, inhaled corticosteroid/long-acting beta 2 -agonist use, and prior cardiopulmonary rehabilitation, which were clinically or statistically significantly associated with severe exacerbations in the bivariate analysis at P,0.05. We used linear regression to investigate associations between LSA scores and 6MWT, SOBQ, CAT, and HADS. We used SPSS 23.0 (IBM Corp., Armonk, NY, USA) for statistical analysis. All tests were two sided, and we defined P,0.05 as statistically significant. 
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life-space mobility and clinical outcomes in COPD Figure 1 The UaB lsa. Notes: The UAB LSA measures Life-Space mobility in the 4 weeks prior to administration through five Life-Space levels from the bedroom where one sleeps to beyond the town. The UaB lsa has no copyright. no permission is required to reproduce the form, and the authors encourage its use in research and clinical settings. Values for distance, frequency, and independence of movement are multiplied to generate a score for each life-space level, and these scores are summed to generate a total lsa score. Mobility through a higher life-space level automatically means someone moved through lower life-space levels, ie, if someone moves through the town, he also travels through the house and the neighborhood. In such a situation, the scores for the lower life-space level must be corrected to match those of the immediately higher life-space level. Abbreviations: UaB, University of alabama at Birmingham; lsa, life space assessment.
International Journal of COPD 2018:13 submit your manuscript | www.dovepress.com
Dovepress
2734
Iyer et al
Results
study cohort
We enrolled 50 current and former smokers with stable COPD. Subjects had a mean ± SD age of 66.2±9.6 years and a mean %-predicted FEV 1 of 42.9%±15.5%, with 66% having GOLD III-IV stage COPD (Table 1) . Overall, 18 subjects (36%) were African-American, 23 (46%) had previously completed cardiopulmonary rehabilitation, 39 (78%) were taking a long-acting muscarinic antagonist, and 37 (74%) were taking a inhaled corticosteroid/long-acting beta 2 (Figure 2 ). Comorbidity count = coronary artery disease, diabetes mellitus, congestive heart failure, stroke, osteoarthritis, osteoporosis, hypertension, hyperlipidemia, gastroesophageal reflux disease, stomach ulcers, obesity (body mass index $30 kg/m 2 ), obstructive sleep apnea, hay fever, and peripheral vascular disease. Thirty-eight percent of the cohort had clinically elevated anxiety symptoms by HADS-Anxiety $8, and 30% had clinically elevated depressive symptoms by HADSDepression $8 (Table 1). 14 Subjects with restricted LifeSpace mobility had three times the frequency of elevated depressive symptoms of those with unrestricted Life-Space mobility (48% vs 15%, P=0.01) ( Table 1) , and LSA scores were inversely associated with HADS-Depression (R=-0.39, P=0.02) (Figure 2 ). We found no statistically significant association between LSA score and HADS-Anxiety score (P=0.11).
Discussion
Nearly half of subjects from a sample of adults with stable COPD have restricted Life-Space mobility, a marker of social isolation and predictor of poor outcomes in community-dwelling older adults. Restricted Life-Space mobility independently predicts severe exacerbations of COPD and 
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Iyer et al is associated with multiple clinically relevant outcomes, including reduced exercise tolerance, more severe dyspnea, worse quality of life, and depressive symptoms. These results suggest that LSA may be a clinically relevant PRO to aid in risk stratification in COPD. Only two studies have explored Life-Space mobility in chronic lung disease. First, Gottlieb et al investigated Life-Space mobility in cystic fibrosis and found that airflow limitation and all-cause hospitalizations in the year prior to enrollment were associated with restricted Life-Space mobility. 19 However, that study did not prospectively examine the impact of restricted Life-Space mobility on respiratory exacerbations. 19 Second, Garcia et al examined Life-Space mobility in a cohort of older adults with and without COPD and found that Life-Space mobility was more restricted in COPD patients compared to individuals without COPD. 10 However, that study did not enroll patients with severe airflow limitation and did not explore the impact of restricted Life-Space mobility on exacerbations, quality of life, and psychological symptoms. 10 Our analysis is the first exploration of the LSA in a well-defined cohort of subjects with moderate to very severe COPD, and our data suggest that the LSA could be an important new PRO with applications in both clinical and research settings. The LSA could be used to target patients at high risk of exacerbation for enrollment into clinical trials, to select patients who may have reduced exercise tolerance and thus need measurement of 6MWT, and to guide referral to palliative care based on a high symptom burden.
The LSA has been validated in community-dwelling older adults, and multiple publications support its clinical validity in that population. 16 In addition to its association with poor outcomes in older adults, such as mortality, 7 hospitalization and emergency room visits, 20 and nursing home admission, 8 restricted Life-Space mobility is associated with frailty, unintentional weight loss, cognitive decline, and falls, and precedes limitations in activities of daily living in this population. 18, [21] [22] [23] [24] [25] Many COPD patients also experience these common features of aging and frequently limit participation in social activities; however, this is rarely assessed. 4 In fact, the frequency of restricted Life-Space mobility in our cohort (46%) exceeded that of community-dwelling older adults in the UAB Study of Aging (41%) despite our cohort being approximately 10 years younger on average. 16 In addition, we found that subjects with stable COPD and restricted Life-Space mobility had significantly worse quality of life and greater depressive symptoms, results that echo findings from other international studies which have found significant associations between Life-Space mobility and domains of well-being in older adults.
26,27 Though we did not find a statistically significant bivariate association between anxiety symptoms and Life-Space mobility, anxiety symptoms were twice as frequent in subjects with restricted Life-Space mobility than in those without, suggesting that social mobility plays an important role in emotional well-being.
Restricted Life-Space mobility predicts severe exacerbations in COPD even after adjustment for age, gender, airflow limitation, comorbidities, inhaler use, and cardiopulmonary rehabilitation, suggesting that measurement of Life-Space mobility provides independent prognostic information. PROs aimed at measuring the comprehensive impact of COPD and predicting health care utilization are lengthy and time consuming. 28 Furthermore, PRO development and validation often take years, and existing PROs ultimately offer limited additional predictive benefit over existing risk scores such as the BODE (Body Mass Index, airflow Obstruction, Dyspnea, and Exercise) index. 5, 29 In contrast, the LSA has a number of advantages including the fact it is brief, easy to use, and not effort dependent. Though the mechanism linking restricted Life-Space mobility to severe exacerbations remains to be elucidated, it is clearly a fundamental aspect of the patient experience not captured by current COPD-specific PROs. 6 Our study is limited by its single-center design and small sample size, which may affect its generalizability. Furthermore, we only had access to utilization data from our institution and did not have access to moderate exacerbations. However, our hospital is a large tertiary referral center with a comprehensive COPD management program, 30 and it is unlikely that patients who visited our subspecialty clinic were admitted to other hospitals in the area.
In conclusion, restricted Life-Space mobility is a powerful predictor of severe exacerbations in COPD and is associated with greater symptom burden. The LSA could be routinely measured in clinical and research settings to guide COPD risk stratification and to discover potential unmet needs. Further validation of the LSA in larger cohorts is warranted to determine the associations between restricted Life-Space mobility and moderate exacerbations.
